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inertial measurement units (IMUs) with very low mass and power can be manufactured
using micromachined accelerometers and g yroscopes. Six degree of freedom packages
which require a few watts of power and have less than a kg of mass are available
commercially, greatly expanding the potential applications of IMUS in guidance and
navigation. Recent advances in small sensor design and fabrication have pushed the
performance limits of these small devices. llowever, the limitations on the precision of
small IMUs are not entirely due to the performance of the individual sensors. In this
paper, the potential precision of position measurements obtained by integrating IMU data
Is considered with respect to the precision of IMU sensors and the effects of
environmental noise. Environmental sources of potential errors in the IMU
measurements include coriolis and centrifugal forces caused by rotation of the Earth,
position dependence of the Earth’s gravitational field, tidal forces due to the Earth’s moon,
and seismic noise. Sensor limitations include axis misaignment in the IMU package,
electronic noise, thermal noise, cross sensitivity, temperature and pressure dependence of
the calibration, and calibration accuracy of the sensors. As IMU data are integrated from
the initial conditions to determine the position and orientation as a function of time, errors
accumulate. These cumulative errors limit the total integration time over which the IMU
data yield sufficient accuracy in the calculated position. This time limit for integrating
IMU data is such that most practical applications of small IMUs will require a secondary
position measurement system to periodically update the initial conditions.
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